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Abstract
The possibility of using industrial fly ash waste as a silica source for alkali borosilicate glass was investigated. The compositions 
of fly ash were analyzed by energy dispersive x-ray spectrometer (EDXRF). Alkali borosilicate glasses were prepared from the 
fly ash in formula (80-x)B2O3:20Na2O:xSiO2 (where x = 20, 25, 30, 35, 40 and 45 % by weight) by melt quenched technique. 
The result found that the main compositions of flyash are SiO2, CaO, Al2O3 and Fe2O3. The yellow colors of glasses were 
obtained due to Fe composition in glass matrix, correspond with absorption spectra from uv-visible spectrophotometer. The peaks 
around 380 and 450 nm were attributed to Fe3+ and around 1,000 nm due to Fe2+ ions. Their densities and refractive indices were 
increased with increasing of fly ash concentration.
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1.Introduction
When coal is burnt, 4–25 wt.% of the input coal usually remains as ashes which consist of about 90 wt.% fly ash 
and 10 wt.% bottom ash [1]. Of this, fly ash must be decontaminated before its final disposal due to its toxicity.  The 
amount of coal usage in Thailand has exceeded 18 Mt since 2006 [2] and a large proportion of it has been recycled 
as a raw material for cement. Nevertheless, the usage in the cement production has its limitations because fly ash 
contains heavy metals as well as a silica content of more than 70 wt.%. Heavy metals could cause secondary 
pollution and the excessive addition of a silica-rich fly ash to cement could deteriorate the quality of the cement. 
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Furthermore, the demand of cement tends to fluctuate with the construction industry periodically while the 
generation of fly ash increases gradually [3]. Therefore, it is necessary to search for a new option for the treatment 
of the fly ash. On the other hand, fly ash with a silica content of >50 wt.% can be substituted for a silica source in 
the manufacturing process of a silicate glass, in which the glass product can immobilize and stabilize the heavy 
metals in the glass matrix. Several studies have reported the recycling of fly ash as glass-based materials [4]-[6]. 
However, these studies showed that fly ash could be utilized not as a major substance but as an additive. To 
create mass consumption of a vast quantity of fly ash, one of the promising alternatives is to use it as the silica 
source for borosilicate glasses. Alkali borosilicate glass is widely used for the sequestration of nuclear waste [7].
Also, the borosilicate glass can be utilized as a construction material due to its chemical and physical properties [8].
Therefore, if fly ash could be used in manufacturing borosilicate glasses, most of the problems which fly ash causes 
would be solved. The aim of this work is to convert coal fly ash into an alkali borosilicate glass. Coal fly ash could 
be used as a substitute for the silica source in the manufacturing process of an alkali borosilicate glass. The physical 
and optical properties of the glass products were investigated according to the addition of fly ash.  
2. Materials and Method
In this work, fly ash was collected from paper industry in Thailand. The chemical composition was analyzed 
with combination of an energy dispersive x-ray fluorescence (EDXRF, Panalytical-minipal4) spectroscopy. Glass 
was prepared from the mixtures of coal fly ash and two reagents, Na2O and B2O3. Na2O is unstable in the air so the 
reagent was added as the form of Na2CO3, while B2O3 was added as the form of H3BO3. Alkali borosilicate glasses 
were prepared from the fly ash in formula (80-x)B2O3:20Na2O:xSiO2 (where x = 20, 25, 30, 35, 40 and 45 % by 
weight) by melt quenched technique (fly ash was used as a SiO2 as starting material). The mixtures were melted in 
an alumina crucible at 1100 qC for 3 hour. The melts were poured onto a stainless steel plate in air. After forming 
glass, the products were annealed at 500 qC for 1 hour and slowly cooled down to room temperature.  The physical 
properties were determined by using general approaches. The density was measured by the Archimedes method. The 
refractive index was measured at room temperature using an abbe refractometer (ATAGO-3T) and mono-
bromonaphthalene as an adhesive coating. The UV-Visible-NIR spectrometer (Shimadzu, UV-3100) was used for 
measure optical spectra of glass sample.
3. Results and Discussion
The chemical compositions of fly ash sample are shown in Table 1. It was seen that the major composition was 
SiO2 (29.20%), CaO (24.28%) and Al2O3 (20.80%). Moreover, the colorant chemical substance such as Fe2O3
(11.70%), CuO (0.12) and Cr2O3 (0.04%) were found in ash sample. The results showed this fly ash not as a major 
substance for glass former, but can be used as an additive with another main glass former such as borate (B2O3)
and/or phosphate (P2O5). The glass samples with different concentration of fly ash from 20% to 45% mole are 
illustrated in figure 1. Due to high composition of Fe2O3 in the glass matrices, all glasses have been found to be in 
yellow.
The measured density and refractive index of alkali borosilicate glass samples for different fly ash concentrations 
are shown in figure 2 and figure 3 respectively. As can be seen in figure 2, the densities were increases with 
additional content of fly ash into the network. This indicates that replacing B2O3 by addition amount of fly ash 
results in the increase of the average molecular weight of oxide ions in the glass due to fly ash has a higher relative 
molecular mass than that of B2O3. The refractive indices of glasses were increased with increasing of fly ash 
concentration. Theoretically, the refractive index is a function of density and mean polarizability of the medium.
Fig. 1 Shown the cut and polished glasses samples
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Table 1 chemical composition of fly ash
Fig. 2 Density of glasses samples at different fly ash composition
Fig. 3 Refractive index of glasses samples at different fly ash composition
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The doped glass show greenish-yellow color due to the homogeneous distribution of  Fe3+ and Fe2+ ions in the 
glass matrices, and intensity of yellow glasses were increased, when increase fly ash concentration. Iron in glasses 
exists as equilibrium between the yellow ferric ion (Fe3+) and the blue ferrous ion (Fe2+) as represented by [9]:
4Fe3+ +  2O2-l 4Fe2+ +  O2- (1)
The optical transmission spectra are show in figure 4. It was found that the optical absorption edge is not sharply 
defined in the glass system under reference, which clearly indicates their amorphous nature of glass samples. The 
shoulder peaks around 380 and 450 nm are attributed to Fe3+ and board peak around 1,100 nm due to Fe2+ ions.
Fig 4 Shown the optical spectra of glasses samples in 200-2,100 nm  
4. Conclusion
Fly ash from industrial waste could be used to recycle as a silica source for alkali borosilicate glass.  As the ratio 
of the fly ash changed, the optical and the physical properties of the glass products also changed. The densities and 
refractive indices of fly ash glasses were increased with increasing of fly ash concentration. The glasses from fly ash 
are produce yellow color due to the Iron in glasses exists as equilibrium between the yellow ferric ion (Fe3+) and the 
blue ferrous ion (Fe2+). Therefore, fly ash from an industrial waste could be a promising silica source in the 
manufacturing process of an alkali borosilicate glass.
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